Space Station Construction Activity

The International Space Station: A dream... a vision... a reality.

Introduction

The International Space Station (155) 15 an wparallekad mlermaticnal, s
cooperalive venlure thal is apening a new 2ra of human space
it and research that will provide benefits 1o peopk: on Earth, The I35, [he
gest spacecrall in history, will b= lunched on more than 40 launches using thres
diflerent launch wehicles, Comprising six different laboratorses, the 155 will enable
unprecedented advances in binlogical, medscal, matenials, and induestrial reseanch,

=ntific, and

Phasa Il of the 155 program Bagan after the successful completion of the

Shuttle- Mir program {Phase 1), Phase Il of 155 development consists of

10 separate flights. These flights. the focus of this poster, begin the canstruction
phase and are the foundaton for the 155, In the activity, students will design and
build thesr cwn space station. This will provide thern with the foundation so their
vision of a space station can become a reality,

Flight Background Information
The A stands for American. The 12 stands for Russtar. The followig fights are
hsted i the order of i

Flight 1A/R (Russian Proton Rockat)

T'he first element launched was the Contral Module named r."n?.'}'ﬂ. The Hussian
word for "sunrise,” Farya provides propulsion control capabality and power
through the early assembdy stage. 11 also provides fuel storage and rendesvous
cking capability 1o the Servce Module, The 18,182-kilogram pressusiped
secrall was launched on a Russian Proton rockal, As assembly continues,
Farya will provide ortatal contrel, communications, and power Tor the L5 -built
Mole 7, Linity, During this period, Zarya will control the motion and maintain the
alfitude of the Space Station’s orbit, It will also generate and distribute electrical
power and provide ground communications, In the later stages of 155 assembly,
Zarya will primarily provide storage capacity, It will be wsed throughout the life of
the Spece Station

Flight 2A (Shuttbe Flight)

Dn ilight 24, Uty and Pressunized Mating Adapiers (PMA) 1 and 2 were
launched. The PMA-T connects the U.5. and Russian elements. The PMA-2
prowides a Shutthe docking location. Uily's six ports provide connecting paints for

Larya, as well as the 27 truss, aiftock, cupala, Node 2, and the Multl-Purpose Logis-
lics Madule, Lo be deliverad lates. Uity 15 a connecling passageway Lo the living and
waorking areas ol the 1I35—the L. 5. Habitation and Labaratory Modules—and airlock,
It is the Tirst magor U.5.-built companent of the 155, 11 contains mare than 50,000
miechanical items, 216 lines to carry fusds and gases, and 1217 internal and external
ekctrical cables using 9.7 Kilemelers of wire

Flight 1R (Russian Proton Rockat)

Flight 18 will lstanch the Bussian Service Module, the primary Russian element. The
Service Module will provide the Ervironmental Condrol and Life Suppart System
elements and will be the primary docking port for the Progress resupply vehickes, It
will also provide propulsive attiede control and reboost capabilities, early Space
Station living quarters, electrical power distribution, the data precessing system, the
flight control system. and communications. Although mary of these systems will be
supplemented of replaced by later LS. 155 components, the Service Module wil
ahways remain the structural and functonal center of the Russian segment of the 155,

Flight 2A.1 (Shuttla Flight)

The flight element for 26,1 i the Spacehab Logistics Double Module. The purpose of
the double spacehal flight 15 to provide & logestics flight for the early essembly
missions, [Lwill carry equipment (o further outhit the Seraice Module and equipment
that can be ofl-loaded Trom the early U5, assembly (hghts. The Doubde Modube has
the capacity o hold up to 4,536 kilograms as well as the ability to accommaodala
powsred payhoads,

Flight 3A (Shuttle Flight)

Flight 34 will deliver the Integrated Truss Structere (1ITS) 21, The 21 truss will be
usad as a mounting location for the PG Truss Segment and Photovoliaic (solar array)
Maodule, This Frotovoltaic Madule will provide power for the early science that will be
done an the 155, Mlso being deliverad on this flight will ba the third Pressurized
Iating Adapter and the Control Moment Gyros (these will provide nonpropulsive
aititude control). In addition. the Ku-band communscations system will be installed on
this flight (and later activated on flight &&). This system provides video capabilities o
support 155 scientific research and television transmissians
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Flight 2R (Russian Soyuz Rocket)

This launch will establesh the first 155 thres-person crew, or Expedilion | The
Commander will be a U5 Astronaut and the other two crew mambers will be
Russian Cosmonauls. The Soyuz vehicle will provide crew return capability
without the Shuttle present. The lirst crew wll spend 5 manths on the 155,

Flight 4A (Shuttle Flight}

The comgletion ol this Might reflects the lermporary mstallation and actvation of
the P& truss segment. The PG Photowoltaic Modula is the first of four 115, solar
based power sources. It will be moved and parmanently sttached to the PS tess
after flight 134, Two Photovoltaic Thermal Control System radiators will provide
earty actve thermal control. Also, the 5-band communications system will be
activated. This will provide radio communications on & specific frequency and the
capability of transferring data.

Flight 54 (Shuttle Flight)

Flight 54 wall deliver the LS. Laboratory Module. Thes [ab will provide a shirt-
sleeve ervironment for research, technology development, and regairs by the on-
orbit crewi. The U3, Laboratory wall distnbute several systems, including Lifie
Suppoit, Electrical Powar, Command and Data Handling, Thermal Cortrol,
Commurecations, and Flight Crew Systems. There will be a total of 24 racks for

Flight 8A (Shuttle Flight)

This Mlight will authit the U5, Laboratory, Also during this Hight a UHF antenna will be
providad that will allow space-to-space communications capability for the U5 -basad
Extravehicular Actiily (EVA], also known as a spacewaik. In addition, the Canadian
Space Sabion Remole Manipulating Systam will be delivered and activated, This is
the next generation in robotic arms, and it wll e Digger, better, and smarter than the
Space Shuttle's robotic arm, It is 17 meters long when fully extended and has seven
mictorired joints. The arm s capable of handlng large payloads and assisting with
docking the Spaca Shuttle. It is self-relocatable so that it can be attached to comple
mentary ports spread throughout the Space Station's exterior surfaces

Flight 78 (Shuttle Flight)

The Joint Airlock will be delivered on this flight. it will provide 155-based EVA
capability for both U5, and Russian spacesuits. The airlock will be attached to Uity
It has & total pressurized velume of 27 cubic meters. Also delivered on this flight wall
[ the High Pressure Gas Assembly, which augments the Service Module gas
resupply system. Each bottle is installed separately and capable of recharge on orbit
{limited to cxygen)

Access the Space Station Home Page to leam about Phase 11l assambly and qeneral
Space Station mformation: http:fepacellight. nasa.gov

experiments in the U5, Laboratary.
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Space Station Construction Activity
Audaped feom an sclivity prereided by Spate Center Mouston,
Topic: Corntruction of 3 Sgace Sation

Disjective: The students will creale a model of the Inlemational Spoce
Sturtion Qheen 3 set of mabertals and pararnebers.

Sevenice Sandands

Soience & Ingquiry

Science and echnoiogy: Abiltics of Tchrological Design

Wistory and Neture of Science- Scknce as a Human Endesvor, Nate of
Stieroe

Martemalical Standirds

Probem Sohing by Bl Wumbes Theory
Commumiciling Comuiation and Estimalion
Hnasoning Wearsunement

Baiherranical Connections

Universals of

IDersigranyg) and nechnoloqical sysiems
Cenermmmng and comroling the betavion ol techmological systems
Linkages

I"Irpur.ai sysioms

Waterials Needed
Plashr kitchen wrap SOUANE CRMETSET faper
Crall shchs Indwidual sarying caraal ones.
Flumsinim kil Flimithe i,
Smiall Eulons Hakries
Sot drink cans Rulivs
Toowhpdcks. BSOS
Candboand lubes (Inil= paper size) Glue
Styeofnam fond brays Masking taps
Space Station Construction Activity conoed

i The docking module should be posilionisd so that there is & chi,
saraght path % it nr the orbiter 40 dock

) The rebatic srm shoukd be placed i masimine the nusbes of comgo
nents gt it can seach,

3. Depending on the smount of Ineedom you think yowr cless can handle or
their malhematcal Background, go thisgh the procedure pages wilh
e o sliosy therm o work: tiough Be pages with B groups. ssign.
i) dhiTerent rokes for each group memiber 1o accomplish,

4. To sisnplity he defermmirataon of B wolame of e sofl drink car. we
1he cam's manmues daamee I cakouiations

5. e [ oS conslruct heil Space Siation.

Whe wrant you 1o build a new madel of the International Space Siation and

present it o the class for Of course, becasrs of soma limita-

tipns wr hawe on size and weight of the Space Station, we do have a few
for pou. Please assist us in creabng a model that ollows

the geadelines.

Modules Design (student section)

1. Wesgh Maodkile 1 (habitason] snd recoed. Mo ) « QT
2 Toke can forouls face downl Sed race The Croes - seclional 3 on paps.

I [stimaie the Corer puint of |he circle,

4 Findl e ciamvwiey (lslarco soiss thacieckd.  d-_______ om
5. Fined iha i (diimnce Irom caser posnt (o the sdge. r -

£ Firsel i i ol 1 pd e seclion. The s is egesl o g (5 14) e (e ek
T lormmda s & = ma

m

ey -xn oy

Tadun [0 Bima

Gorrelation of Maberials 1p Space Mation Componints

Plastic kilchen wrag = Photovoltaic (7] aays

Crall sticks « Support sinucture fee Pholovoltsc (PY) amays and Shemal
radaims

A foil = Thermal radialors

Coindrical cans = Modules 1 [habilaton) and 2 (aboraiony)
ardhoard nehes. (oul inin thirds] = Docking porm

Slyroloarn food 1rays (oo inlo 4-om vwidie Sipsl = Thess segments
Indavichsl sareing Sim cornal et = Modulin 3 doom)
farions = Control jets

MNexible staas = Robolic aim

Toothpichs - Miscellanemrs decorabons, supports, ¢lc

Priscasduri

Fapolain b thee stuscennts il NASA sncinessrs rasead hedr Fasp. They s

1. Collect the necessary malerials of insiTuct stadents. io bring dem Trom
Foma. [isplay a model of the “old” Imernational Space Siabon (this
poster vl da) &S you disciss asch indradual componenl and ils
furiciion: Module 1—habitation. Module 2 —aboraiony, Modie 1—
coie [Fesouree Biode), PV arrays, tharmal radialors, dockang port,
EM'HIIH_HS\. B robaolic arm.

2. Shiww the consirants that finst be Tollawed for the desigr

(@ O hundred souare centimeters of Y armay will supporm e decin
al meds of SO0 cm? of moduls volura

& AN modes s e connecied 10 B least one other madule

ich Seventy-ine squsre cenlimeters of thammal radiators will suppor the
oolling neds o 500 om' of madulke wiume

(d) The lengihof She tnss can not ba longer than 50 cm.

(e} The control jets. must be positioned =n that they wil not fee on amy

oormponent of [he Spece Sistion snd can move & in any dnecton.

1. o the Fusighl of B cam, Bleghl =

B Muluphy T @ ea leom s 6 above weth Dhe: fesghit of e can inosumider 7 1o
ablam e wokarme of Models 1 The ksmla n V= s x h

£Im

L} LM = cm’
A feoim O Hesgin Iross J ‘Wolume of
an

Lising the: same lormislas. lind e wobame ol T oiher o [isdube 7]
Labwarabory Pohakes  Voohare of kloshuls 7 < e’
B Weigh Modide T [cone] and iieid  Wodule -
10, Wiswiane Mok 1. Lingth =

Ak =

Ihe

IFarme.

em Mgl - &m
on

Mo that yoas hawe e secbime: bor Modubes. 1 and 2. olitaan ihe volume (o Rodks
Jethe Ciwe Aok, Thee Cove Mlcabub is wiwns i beains ol the Spec: Staton
wisis. In el @ B i) s b e o repirs te
mlr."'rmd-lﬁ:rﬁdmh o 4 rectanapuke pwram iy
V= E i =

Lenigih Wil barglr

11 Thia st st is b ol v sasem o e okt or all o thee evedibars anl the s
of ithws wolime of Modles. 1, 2. andl ]

cm’

Waighl - M 1 grane
Wikaghl - M 7 grame
Wiaghl - Mg [Fane

Toall weight of mioduies [Fane
ol -Bsdibe 1 e
Wolme-MadbeF o
Wriume-Modibe 3 e

Total wodiames of moduies e’
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Space Station Construction Activity covme
PV Array Design (student section)

1. ot wolame of oduies 1, 7, a3 o'

& e Fndrsd o’ off P srray will suppon] the secincal meads of 3 sodule
welh & wolime of W00 o' How maesy souaie conlimetens of PV @y wil be
] ) ST e i e S SLBLECHT

Total @ o of Py maodules a1}

=

Corrsdr e a PY ey s shoum in e fkehaion
4. Wheirsets [he aned of e Collopluane (56 s youl BTy

1 . on¥
kgl willh T

5. Hirw mamny armangs will be ressded (o support the astice Space Siation ™ Divide
yiud sl fod rissled B by poa i anses o ermilber 4

om ! o =
s F i A # of wiTags

-,

Corvaruct the nammber of arranys you will mesd
1. Wegh your srays e repord the (otal mees in grame
Tokal mavss of thes nriyes g

Sa thern asbde wben comgskehd
Space Station Construction Activity comnues
Thermal Radiator Design (student section)

The thermal radiaiors. are wsed Lo hely cool the Spare Station. There are some
Tl bores ol Y (Sesin

1, Tokal wolume of Modules 1, 7, and 3 om’

. Seventy-free omy’ of thermal radistors con support the moling needs of a
b il & andiime of SO0 Cife’, How maim) Suieie (amimalais of ilsimal
ridEior s will be wassded 0 Seppor T enfee Space Stalon™
Toisl prea ol Sssmasl radislors o’

¥ Corsiruct 4 tssimal radigtor s shan in the illstnation

4, Whriain tha e ool i albsrmirasin Fod i in i daimal radislon

i 1 (=
laruih wiflh L]

5, oy muarey {hesiral radianers will e noded Do Supga W 6 S
Station Dtvde your arrswer for numier 2 by your arswes for mumiber 4

o'/ o' -
R 7 W 4 F ool radialors

& Lonsirucl the namber of thermal radaiors you will meed
1. Weeigh your thefmal radislors and recond the sl mass in gams.
B Toral sy ol v el @it i
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:
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Space Station Construction Activity continued
Final Design (student section)

1. The firest task 1 1o decide where all of the compenents of the Space Station will be in
your madel. Using centimater paper, maka a sketch of each part and where you would
Bk 10 put e, Desion the truss according toowhens the PY arrays and thermal radiators
will ke, Remember tha truss requiremeants,

. Construct a truss. Take the food trays and, if necassary, cut them to meat your
specifications. Connect them togene. Popsicle stcks can be used 1o help suppert

comnections. Tha truss does not nead Lo be inone ling, et according Lo the canstaints,

i cannet e longer then 50 cm,
3, Glue the modules together and connect them to the truss in the proper position,
4. Connect the PV arrays i thesr proper position,
5. Place the thermal radiators in their proper position
E. Pt the docking port (oilet paper rell) on one of the medules,

7. Glue the conired jets (buttons) on any of the Space Station components except the
radiators or PY amays, Remember 10 check the requinerments.

B. Place the robotic anm (flexible straw) o the Spice Station, Do not put it on the PY
arrays or radiators. Maximize the distance it can reach on the ather parts of the Space
Slation.

Wedght Calculations (student section)

1. Fined the total weight of your Space Station.

2. First, take the sum of the weights for the modules, Py arrays, thermal radiators, and
lruss structiore:

Weight Modubas ranms
' P arrays grams
+ Tharmal Radiators grarms
! Truss Segments grams
Weaght = grams

Getling a ledal weight Tor the Intermatonal Space Station will be dang this way. [Lwill
be smpossible to get 3 total weight of the Space Station at one time. The International
Spaca Station will never be assambled here on Earth. 1Uwill be assambled an orbil.

1. If possible, weigh your entire model. Use this figure e compane the aceuracy of
waighing indivicdual pieces &s compared to tha entire Space Station,
Space Station Wesght =

qrams

4. How close was the weight in number 2 to the waight in number 37 Subtract number
2 fromm mumber 3

Space Statkon Welght (rumber 3) qrams
Weight {number 2) qrams
Difference - grams

Discussion

1. Wy are there restrictions on the individual componenss of the Space Station’™

2. Why is fimportant far the russ nol be be over 50 crm?

3. Why o the control jets need to be pointed away from the Space Station
cormpanents?

4, Why ded you choose the design you did?

Extensions

1. Have the students writi instructions for building a Space Station.

¢. Design a campaign for advartising the Space Station. Lise video andlor print
procucts,

3. Irvite parems, faculty, and the Iocal press 1 8 Space Station expo, The completed
Space Stations and the adverlising campaigns can be displayed. Group members
can discuss their designs,

Assazsment
Students will comply with all sex parameters and complete the nesded math functions
inordar 1o meet thise guidelines.

For more information abouf the Infernational Space Stalion, please visit
it spacellight. masa, gov
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